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[57) ABSTRACT

An oxygen sensor having a bar-shaped heater inserted
In an elongate bore formed in a tubular solid electrolyte
body which has porous platinum electrodes on its inner

and outer surfaces and which is supported by a housing
such that its closed end portion is exposed to exhaust

gas and such that the elongate bore is gas-tight with
respect to the exhaust gas. The bar-shaped heater com-
prises a heating resistor having a positive temperature
coetficient, a ceramic body carrying the heating resistor
SO as to embed the latter, and a pair of lead wires. The
ceramic body has on its periphery a pair of terminal
pads connected to the heating resistor. The ends of the
lead wires are brazed to the pads with a mass of brazing
material containing silver. An exposed surface of the
brazing mass is coated with a metal layer made of metal
which is different from silver or its alloy. The metal
layer may be further coated with a heat-resistant layer.

15 Claims, 7 Drawing Figures
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OXYGEN SENSOR WITH HEATER

BACKGROUND OF THE INVENTION

- The present invention relates generally to an oxygen
sensor for detecting concentration of oxygen contained
In exhaust gas emitted from an internal combustion
engine. More particularly, the invention 1s concerned
with such an oxygen sensor having a bar-shaped heater
disposed 1n an elongate bore formed 1n a tubular solid
electrolyte body.

In the art of controlling an air-fuel (A/F) ratio of an
internal combustion engine for an automotive vehicle or
for other applications, it is known to use an oxygen
sensor which employs a mass of zirconia or other solid
oxygen-ion conductive electrolyte to detect a content
or concentration of oxygen in exhaust gas produced by
the engine, according to the principle of an oxygen
concentration cell. For example, such an oxygen sensor
uses a solid electrolyte body of zirconia which i1s pro-
vided on its inner and outer surfaces with porous plati-
num electrodes, respectively. The electrode on the
inner surfaces which defines an inner elongate bore in
the zirconia body, is exposed to an ambient atmosphere
and serves as a reference electrode (anode) which is
exposed to a reference gas whose oxygen concentration
1s known. On the other hand, the electrode provided on
the outer surface of the zirconia body 1s exposed to
exhaust gas to be measured, so that this electrode serves
as a measuring electrode (cathode) to monitor oxygen
content of the exhaust gas. This oxygen sensor measures
the oxygen concentration in the exhaust gas by measur-
ing an electromotive force which 1s induced in response
to a difference in the oxygen concentration between the
reference and measuring electrodes.

However, the induced electromotive force is unstable
until the solid electrolyte has been heated to a given
point. This, the above type of oxygen sensor suffers a
drawback that 1s incapable of effecting an accurate
control of an air-fuel ratio of the engine while the tem-
perature of the exhaust gas of the engine is relatively
low, for example while the engine is idling or immedi-
ately after the engine is started in its cold condition.

To solve such a drawback experienced in the art, it
has been proposed to positively heat a solid electrolyte
body by inserting a heater into an elongate cylindrical
hole formed in the electrolyte body. For instance, Japa-
nese Patent application laid open in 1979 under Publica-
tion No. 54-13396 discloses a heater which consists of an
insulator bar and a heating wire (resistance wire) wound
on the surface of the insulator bar. Further, Japanese
Patent application laid open in the same year under
Publication No. 54-22894 shows a so-called sheathed
heater which uses a resistance coil wire disposed in a
metal sleeve which is filled with a powdered electri-
cally insulating material of high thermal conductivity so
as to secure the coil wire in the metal sleeve.

Such proposed oxygen sensors equipped with a
heater are disadvantageous in that their solid electrolyte
is susceptibie to excessive heat when the temperature of
the exhaust gas of an internal combustion engine is
elevated, whereby the porous platinum electrodes tend
to be sintered with a result of reducing a rate of reaction
of the measuring electrode to the exhaust gas, or a spinel
coating layer protecting the electrodes tends to crack or
flake off. Further, the heater i1s subject to an excessively
high temperature due to a combined effect of its self-
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heating and exposure to heat of the exhaust gas, thereby
suffering breakage of its inner resistance wire.

On the other hand, an effort to restrain heat genera-
tion of the heater to minimize such disadvantages as
indicated above, will create another incovenience of
insufficient heating of the solid electrolyte while the
exhaust gas 1s low in temperature, or undesired require- |
ment of extra time for heating the solid electrolyte after
the start of the engine, before the electromotive force
induced by the sensor reaches a level for accurate de-
tection of the oxygen concentration.

The above mconvenience of insufficient heating of
the sohid electrolyte is serious, particularly when a bat-
tery voltage to actuate the heater is low, that is, immedi-
ately after the engine is started or while the engine is
operated in a cold state. On the contrary, when the
battery voltage rises with the engine speed, the temper-
ature of the exhaust gas is elevated. This will aggravate
the previously indicated drawback of excessive heating
of the solid electrolyte.

Further, a heater used in the traditional oxygen sen-
sor suffers a problem of migration of silver which is
used as a brazing material for connecting lead wires to
electric terminals of the heater. More particularly, the
silver 1ons migrate or move from one of the electric
terminals to the other, under the influence of electric
field during a long period of power application to the
heater. This migration phenomenon of silver causes
short-circuiting of the electric terminals.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the present invention to
provide an oxygen sensor having an improved heater
inserted in an elongate bore formed in a body of solid
electrolyte, which is durable and reliable in operation
even in comparatively varying environmental condi-
tions, and which 1s substantially free from a problem of
migration of a brazing material used to connect lead
wires to the heater. ~

~ According to the present invention, there is provided
an oxygen sensor comprising: a tubular solid electrolyte
body having an elongate bore which is closed at one
end of the tubular body and open at the other end, and
further having reference and measuring electrodes on
inner and outer surfaces thereof, respectively; a housing
which supports or retains the body of solid electrolyte
such that the outer surface of the latter is exposed at the
closed end to exhaust gas, and such that the elongate
bore in the tubular solid electrolyte body is held in
gas-tight condition with respect to the exhaust gas; and
a bar-shaped heater inserted in the elongate bore in the
tubular solid electrolyte body. The bar-shaped heater
comprises a heating resistor having a positive tempera-
ture coefficient, a ceramic body carrying the heating
resistor so as to embed the heating resistor, and a pair of
lead wires for connecting the heating resistor to an
electric power source. The ceramic body has, on its
outer peripheral surface a pair of terminal pads con-
nected to the heating resistor. An end portion of each of
the lead wires is brazed to corresponding one of the
terminal pads with a mass of brazing material containing
silver as one of its components. An exposed surface of
the mass of brazing material is coated with a metallic
layer made of metal which is different from silver or its
alloy.

In the oxygen sensor constructed as described above
wherein the heating resistor supported and protected by
the ceramic body has a positive temperature coefficient,
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the heater provides a relatively large amount of heat
when the temperature of the exhaust gas is compara-

tively low, but provides a relatively small amount of

heat when the exhaust gas temperature is comparatively
high, whereby the solid electrolyte 1s heated to a suffi-

cient level within a short length of time after the start of

elevation of the exhaust gas, and the solid electrolyte
and the heating resistor are less likely to be overheated

even when the sensor is exposed to the exhaust gas of

high temperature. Further, the brazing material applied
to connect the lead wires to the terminal pads con-

S

10

nected to the heating resistor, is coated with a metallic

material to cover the exposed surface of the mass of the
applied brazing material. Since the metallic coating
material is selected from a group of metals, except sil-
ver, which do not undergo migration under the influ-
ence of electric field, the silver contained in the brazing
material is prevented by the metallic coating layer from
migrating from one of the terminal pads towards the
other. Thus, the metallic coating layer serves to avoid
otherwise possible short-circuiting of the electric termi-
nals of the bar-shaped heater. With the above arrange-
ments, the oxygen sensor according to the invention is
capable of providing reliable electrical outputs accu-
rately representing oxygen concentration of an exhaust
gas from an internal combustion engine, and therefore
capable of controlling an air-fuel ratio of the engine
with high precision and for a prolonged period of ser-
vice. |

According to one preferred aspect of the invention,
the mass of brazing material coated with the metallic
layer may be further coated with a heat-resistant layer,
preferably made of an inorganic material.

In accordance with an advantageous form of the
invention, the metallic layer is provided in the form of
a metal plating, preferably an electroless or chemical
plating. Further, nickel is used as an advantageous ma-
terial for the metallic layer.

According to a further advantageous aspect of the
ivention, the positive temperature coefficient of the
heating resistor is not less than 0.3%/°C., so that the
principle of the invention is practiced more effectively.

BRIEF DESCRIPTION OF THE DRAWING

The above and other objects, features and advantages
of the present invention will be better understood from
reading the following description of the preferred em-
bodiments taken in connection with the accompanying
drawing in which:

FIG. 1(a) is an elevational view in cross section of
one embodiment of an oxygen sensor with a heater of
the present invention;

FIG. 1(b) 1s an enlarged fragmentary view in cross
section of a portion A of a tubular solid electrolyte body
of the oxygen sensor of FIG. 1(a);

FIG. 2 1s a schematic perspective illustration of one
form of the bar-shaped heater used in the oxygen sensor
of F1G. 1(a);

FIG. 3 1s a cross sectional view taken along line 3—3
of FIG. 2;

FI1G. 4 1s a perspective view of one form of a protec-
tive metal tube used in the oxygen sensor of FIG. 1(a);

FIG. 5 1s a graphical representation of a solid electro-
lyte temperature in relation to an exhaust gas tempera-
ture in the oxygen sensor of the invention, as compared
with that in an oxygen sensor known in the art; and
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FIG. 6 is a cross sectional view, corresponding to
FIG. 3, showing another form of the bar-shaped heater
used according to the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring first to FIGS. 1-4, there is illustrated a
preferred form of an oxygen sensor embodying the
present invention, wherein a tubular solid electrolyte
body 1 such as zirconia is supported by a housing 2. The
tubular body 1 has an elongate cylindrical bore 1a
which is formed longitudinally of the body 1. The elon-
gate bore 1a is closed at one end of the body 1 which is
exposed to exhaust gas emitted through an exhaust con-
duit (not shown), for example, from an internal combus-
tion engine of an automotive vehicle. The elongate bore
1a 1s open, at the other end of the tubular body, to
ambient atmosphere used as a reference gas. The tubu-
lar solid electrolyte body 1 is provided at its inner and
outer surfaces with a reference electrode 15 (anode) and
a measuring electrode 1c (cathode), respectively, as
shown in FIG. 1(b), both electrodes 16 and 1c being
made of porous platinum. The tubular body 1 1s retained
and sealed in the housing 2, via a talc 3, a metal washer
4 and a metal ring 5, such that the elongate bore 1a 1s
held in gas-tight condition with respect to the exhaust
gas, 1.e., so that the ambient atmosphere (air) and the
exhaust gas do not meet with each other. In the elongate
bore 1a, there is inserted a bar-shaped heater 6 to heat
the tubular solid electrolyte body 1. The closed end
portion of the tubular body 1 is enclosed by a protective
metal tube 7, which protects the closed end portion
against direct exposure thereof to a stream of the ex-
haust gas flowing through the exhaust conduit. The
protective metal tube 7 is fixed at its upper end to the
lower end of the housing 2, and has flute openings 16 in
its peripheral wall to introduce the exhaust gas into the
interior of the tube 7 for exposure of the lower or closed
end portion of the electrolyte body 1 to the exhaust gas.
These flute openings 16 are formed by cutting parts of
the peripheral wall and bending these cut parts radially
inwardly of the protective metal tube 7 so as to form
louver plates 11, as illustrated in FIG. 4.

The bar-shaped heater 6 inserted in the elongate bore
1a of the tubular solid electrolyte body 1 as shown in
FI1G. 1(a), comprises a ceramic body 8 made of ceram-
ics such as alumina, as shown 1in FIGS. 2 and 3. The
ceramic body 8 carries a heating resistor in the form of
a printed heating portion 13 (FIG. 2), such that the
heating resistor is embedded in the mass of the ceramic
body 8. The heating portion 13 is connected to a pair of
printed lead portions 14 which are connected to a corre-
sponding pair of terminal pads 10. The heating portion
13 and the lead portions 14 are respectively imprints of
electrically resistant and conductive materials which
are applied in a paste state to the surface of a ceramic
bar to form a predetermined printed pattern, as shown
in broken lines in FIG. 2. The ceramic bar with the
heating and lead portions 13 and 14 is covered with a
ceramic layer to constitute the ceramic body 8. The
ends of the lead portions 14 not connected to the heat-
ing portion 13 penetrate the ceramic layer to reach the
outer peripheral surface of the ceramic body 8, so that
the lead portions 14 are connected to the terminal pads
10. The lead portions 14 are connected to an electric
power source through a corresponding pair of lead
wires 9. Each lead wire 9 is brazed at its one end to
corresponding one of the pair of terminal pads 10. As
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lllustrated 1n a cross sectional view of FIG. 3 taken
along line 3—3 of FIG. 2, the pair of terminal pads 10

are provided on the outer peripheral surface of the
bar-shaped ceramic body 8. More specifically, the pads

6

some cracks of a spinel coating layer which is applied to

- the outer surface of the solid electrolyte body, and 70%

10 are disposed along parts of the peripheral surface of 5

the ceramic body 8, such that they are electrically con-
nected to the lead portions 14 and consequently to the

heating portion 13. The end portions of the lead wires 9
and the corresponding terminal pads 10 are brazed to-
gether by applying a suitable brazing material 11 con-
taming stiver. The mass of applied brazing material 11
surrounds the periphery of the respective lead wire 9.
An exposed surface of the mass 11 is coated with a
metallic layer 12. The material of this metallic layer 12
1s selected from metals except silver. In other words, the
metallic coating layer 12 1s made of metal which 1s
~ difterent from stlver or its alloy. For example, the me-
tallic layer 12 i1s formed of nickel. This metallic coating
layer 12 may be provided 1n a suitable manner, for ex-
ample, by applying a plating of a suitable metal, prefera-
bly by using a chemical plating process.

The heating portion 13 used as the heating resistor in
the bar-shaped ceramic heater 6 has a positive tempera-
ture coefficient of 0.5%/°C. With this selection of the
positive temperature coefficient, the resistance of the
heating resistor (heating portion 13) is increased and its
amount of heat generation is decreased as the tempera-
ture of the exhaust gas is elevated, whereby otherwise
possible overheating of the solid electrolyte 1 and the
heater 6 is prevented at the elevated temperature of the
exhaust gas. On the other hand, when the exhaust gas
temperature 1s relatively low, the resistance of the heat-
ing resistor 13 1s held low and its amount of heat genera-
tion 1s increased, thereby making it possible to raise the
temperature of the solid electrolyte 1 to a level at which
an accurate electromotive force is induced by the elec-
trodes 15, 1¢, 1n a comparatively short time after the
start of the vehicle engine in its cold state, or making 1t
possible to heat the solid electrolyte 1 sufficiently while
the engine is idling.

A graph of FIG. 5§ shows a temperature Tg (°C.) of
the solid electrolyte 1 in relation to a temperature Tg
("C.) of the exhaust gas, wherein a curve (a) represents
the relation between the temperatures Ts and T ob-
tained on the ceramic heater of the instant oxygen sen-
sor, and a curve (b) represents the same relation ob-
tained on a known sheathed heater employing a ni-
chrome wire which is selected so that a length of time
from the start of a cold engine to generation of an elec-
tromotive force from a sensor using the sheathed heater
1s substantially equal to that of the oxygen sensor of the
invention. At the exhaust temperature of 800° C., the
temperature of the solid electrolyte 1 heated by the
ceramic heater 6 of the invention is 800° C. as shown by
the curve (a), while the temperature of a solid electro-
lyte heated by the known sheathed heater is 950° C. as
indicated by the curve (b). This graph indicates less
heating of the electrolyte by the ceramic heater 6 and
consequently reduced chance of overheating of the
electrolyte when the exhaust temperature Tg is rela-
tively high.

Experiments were conducted, on the oxygen sensor
of the invention and the known oxygen sensor used in
the measurements of FIG. 5, to check for outlook or
appearance of the solid electrolytes and physical condi-
tion of the heaters after these sensors are placed in con-
tinuous service for 300 hours at an exhaust gas tempera-
ture of 800° C. The results on the known sensor showed
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breakage of resistance wire of the sheathed heater. On
the oxygen sensor of the invention, neither such cracks
nor such breakage were found.

As indicated above, the ceramic heater 6 using the
printed heating portion 13 having a positive tempera-
ture coefficient, has a relatively low level of resistance
of the heating element at low exhaust temperatures, and
consequently an increased amount of heat generation
from the heater, thereby allowing a rapid heating of the
solid electrolyte and consequently an earlier generation
of an electromotive force from the sensor. This advan-
tage 1s obtained, for example, immediately after the start
of a cold engine, or when the engine is running at its
tdling speed. On the contrary, a rise of the exhaust tem-
perature to a considerably higher level will cause an
appreciable increase in the resistance of the heating
portion 13. For example, the resistance at 800° C. is
approximately five times as high as that at the room
temperature. Thus, the possibility of overheating of the
solid electrolyte body 1 and the heater 6 is minimized. It
1s noted that a positive temperature coefficient of the
heating portion 13 is important to the heat regulating or
controlling performance of the heater 6 as discussed
above. In the case where the oxygen sensor is used for
an internal combustion engine, it is preferred that the
positive temperature coefficient of the heating resistor
13 be held not less than 0.3%/°C. This coefficient
which should be a positive value, is determined by kinds
of electrically resistant metal powders selected for the
heating resistor 13, and by an amount of glass frits con-
tained 1n the paste of such metal powders.

In a common oxygen sensor, an Ag-Cu-Zn eutectic
hard solder or a brazing material containing Ag as one
of 1ts components is widely used to connect lead wires
to electric terminals of a bar-shaped heater. It is recog-
nized in the art that the Ag content of the solder or
brazing material migrates between the electric termi-
nals, and the migration may cause short-circuiting of the
terminals or cracking at these electrical connections on
the heater. This migration of silver is a phenomenon
wherein Ag ions produced through tonization of AgOH
or AgryO will dnift or move, under the influence of
electric field, towards one or the other electric terminal.

In the light of the above phenomenon, the instant
ceramic heater 6 employs the metallic coating layer
containing no Ag, preferably an electroless plating
layer, in order to cover an exposed surface of the mass
of brazing material 11 which is applied to braze the lead
wires 9 to the terminal pads 10. Thus, the metallic layer
prevents the ionization of Ag and consequently pre-
vents the Ag content of the brazing material from mi-
grating between the two terminals. The metallic layer
further serves to prevent reaction of the Ag component
of the brazing material with a gas with which silver
easily reacts, for example, prevents the reaction of the
Ag component with a sulfide gas and resulting forma-
tion of silver sulfide. )

As indicated previously, the metallic layer 12 may be
formed in various known methods such as plating, and
the metal material for this layer may be selected from
metals except Ag, which do not undergo the above
discussed migration, i.e., selected from metals which are
different from silver or its alloy. For example, the me-
tallic layer 12 may be formed of nickel (Ni), zinc (Zn),
gold (Au) or the like. Nickel is particularly excellent in
heat and corrosion resistances. It is generally preferred
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that the metallic layer 12 be provided as a nickel plating
layer, in particular as a plating layer of a nickel-phos-
phorus (Ni-P) alloy containing about 10% of phospho-
rus, which is recommended from the standpoint of pre-
venting the formation of pin holes and obtaining highly
dense adhesion to the brazing material 11. Further, it is
preferable to form the metallic layer 12 with a thickness

of not less than one micron.

While the ceramic heater 6 of the present embodi-
ment uses the printed heating portion 13 embedded in
the ceramic body 8, the heating resistor used according

to the invention may be provided in the form of an
embedded resistance wire made of tungsten, nickel,
platinum or the like, or on other forms as long as the
heating resistor is formed of a material which has a
positive temperature coefficient. As for the position of
the heating resistor in the ceramic body 8, it 1s desired
that the heating resistor be located within a portion of
the tubular solid electrolyte body 1 which is exposed to
an exhaust gas to be monitored by the sensor.

Referring next to FIG. 6, there is illustrated another
preferred embodiment of the oxygen sensor of the in-
vention. The same reference characters as used in
FIGS. 2 and 3 will be used in these figures to identify
corresponding components.

This embodiment uses a bar-shaped heater 6a which
is different from the heater 6 of FIGS. 1-3, 1n that the
entire surface of the metallic layer 12 of the heater 6a 1s
coaed with a heat-resistant layer 15 formed of a suitable
heat-resistant material. As i1n the preceding embodi-
ment, the metallic layer 12 of the heater 6a may prefera-
bly be formed by a suitable plating method, in particular
an electroless or chemical plating method. This embodi-
ment of the oxygen sensor having the ceramic heater 6a
with the heat-resistant layer 15 showed a result similar
to that indicated by the curve (a) of FIG. § in associa-
tion with the first embodiment. Further, the additional
formation of the heat-resistant layer 15 covering the
metallic layer 12 assures more effective prevention of
the previously described migration phonomenon of the
Ag component of the brazing material 11.

The heat-resistant layer 15 may be formed of any
known heat-resisting materials such as, silicone, fluori-
nated resin, inorganic materials, etc. However, the use
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of inorganic materials is preferable because of their 45

excellent heat resistance. Further, it is appreciated that
the water absorption of the heat-resistant layer 15 be
held not greater than 1% (percentage of weight in-
crease after 72 hours of exposure to 95% relative hu-
midity at room temperature), in order to maximize the
capability of preventing the previously indicated reac-
tion of silver and its migration.

While the present invention has been described in its
preferred embodiments, it is to be understood that the
invention 1s not himited thereto but may be otherwise
embodied within the scope of the appended claims.

What 1s claimed is:

1. An oxygen sensor comprising:

a tubular solid electrolyte body having an elongate
bore which is closed at one end of said tubular solid
electrolyte body and open at the other end, and
further having reference and measuring electrodes
on inner and outer surfaces thereof, respectively;

a housing supporting said tubular solid electrolyte
body such that said outer surface thereof is exposed
at said one end to exhaust gas, said housing main-
taining said elongate bore in gas-tight condition
with respect to said exhaust gas; and
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a bar-shaped heater inserted in said elongate bore in
said tubular solid electrolyte body, and comprising
a heating resistor having a positive temperature
coefficient, a ceramic body carrying said heating
resistor so as to embed the heating resistor, and a
pair of lead wires for connecting said heating resis-
tor to an electric power source,

said ceramic body having on its outer peripheral

surface a pair of terminal pads connected to said
heating resistor, an end portion of each of said lead

wires being brazed to corresponding one of said
terminal pads with a mass of brazing material con-
taining silver, an exposed surface of said mass of
brazing material being coated with a metallic layer
made of metal which is different from silver or its
alloy.

2. An oxygen sensor as recited in claim 1, wherein
said metallic layer is a metal plating.

3. An oxygen sensor as recited in claim 2,
said metal plating is an electroless plating.

4. An oxygen sensor as recited in claim 3,
said electroless plating comprises nickel.

S. An oxygen sensor as recited in claim 2,
said metal plating comprises nickel.

6. An oxygen sensor as recited in claim 1, wherein
said positive temperature coefficient ts not less than
0.3%/°C.

7. An oxygen sensor as recited in claim 1, wherein
said metallic layer has a thickness of not less than one
micron. |

8. An oxygen sensor comprising:

a tubular solid electrolyte body having an elongate
bore which is closed at one end of said tubular solid
electrolyte body and open at the other end, and
further having reference and measuring electrodes
on inner and outer surfaces thereof, respectively;

a housing supporting said tubular solid electrolyte
body such that said outer surface thereof 1s exposed
at said one end to exhaust gas, said housing main-
taining said elongate bore in gas-tight condition
with respect to said exhaust gas; and

a bar-shaped heater inserted in said elongate bore in
said tubular solid electrolyte body, and comprising
a heating resistor having a positive temperature
coefficient, a ceramic body carrying said heating
resistor so as to embed the heating resistor, and a
pair of lead wires for connecting said heating resis-
tor to an electric power source,

said ceramic body having on its outer peripheral
surface a pair of terminal pads connected to said
heating resistor, an end portion of each of said lead
wires being brazed to corresponding one of said
terminal pads with a mass of brazing material con-
taiming silver, an exposed surface of said mass of
brazing material being coated with a metallic layer
made of metal which is different from silver or its
alloy, said metallic layer being coated with a heat-
resistant layer.

9. An oxygen sensor as recitted in claim 8, wherein
said heat-resistant layer is made of an inorganic mate-
rial.

10. An oxygen sensor as recited in claim 8, wherein
said metallic layer 1s a metal plating.

11. An oxygen sensor as recited in claim 10, wherein
said metal plating 1s an electroless plating.

12. An oxygen sensor as recited in claim 11, wherein
said electroless plating comprises nickel.

wherein
wherein

wherein
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said positive temperature coefficient is not less than
13. An oxygen sensor as recited in claim 10, wherein  0.3%/°C.
| | | | 15. An oxygen sensor as recited in claim 8, wherein
sald metal plating comprises nickel. said metallic layer has a thickness of not less than one
5 micron.

14. An oxygen sensor as recited in claim 8, wherein I A
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